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RECEIVER 

Technical Field 

The present invention relates to a receiver 
for receiving various signal bands such as the 
signal bands of a mobile telephone, a radio, etc. 

Background Art 

Generally, a system for receiving various 
radio bands of signals such as a mobile telephone, 
a radio, etc. can be a superheterodyne system, a 
direct conversion system, etc. In the 

superheterodyne system among various systems, a 
received signal is temporarily converted to a 
signal of an intermediate frequency, and then 
converted to a baseband signal. 

When signals of various frequency bands are 
received in a receiver using the superheterodyne 
system, it is necessary for the receiver to process 
a broadband signal for signal processing of an 
intermediate frequency signal depending on the 
received signal. 



That is, for example, in the case of a 
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receiver in the superheterodyne system for 
receiving an AM signal and an FM signal in Japan, 
the receiver requires a band pass filter for a 
broad signal bands to pass through the two 
5 intermediate frequency band for receiving both AM 

and FM signals. The receiver for processing these 
plurality of intermediate frequency signals has the 
problem of a complicated configuration and a large 
size . 

10 A direct conversion system has been well known 

as a receiving system having a simple configuration 
and a small size. 

The direct conversion system converts a 
received signal directly to a baseband signal by 

15 mixing a received signal with a signal having the 

same frequency as the received signal. The receiver 
in the direct conversion system does not use an 
intermediate frequency, but converts a received 
signal directly to a baseband signal, thereby 

20 requiring no filter for removing an image signal 

for use in an RF (radio frequency) circuit unit, 
and realizing a small receiver. Thus, the direct 
conversion system has attracted attention as a 
receiving system capable of realizing a small 

25 receiver. 
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However, when received signals of various 
frequency bands are received, the receiver in the 
direct conversion system, the receiver has to 
process signals of a broad band to process a 
5 baseband signal depending on the received signal. 

That is, in the receiver in the conventional 
direct conversion system, it has been necessary to 
prepare a filter for removing an unnecessary signal 
for each signal band depending on each signal band. 

10 It is necessary to switch these filters 

depending on each signal band. The control circuit 
for switching the filters has a complicated 
configuration with an increasing number of signal 
bands, thereby causing a large receiver. 

15 Additionally, a conventional receiver 

configures a filter by a passive element of a 
resistor and a capacitor, and has a problem of 
large variance of filter characteristic. 

Thus, the present invention has been developed 

20 to solve the above-mentioned problems, and aims at 

providing a receiver capable of being easily 
applied to various signal bands, and suitable for 
semiconductor integration . 

25 Disclosure of Invention 
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The receiver according to the first aspect of 
the present invention is a receiver for converting 
a received signal directly to a baseband signal, 
and includes: a switched-capacitor filter for 
5 controlling the cutoff frequency when the baseband 

signal is filtered according to the control signal 
provided for a switched-capacitor element, an 
oscillator for generating a periodic signal, and a 
divider for dividing a periodic signal generated by 

10 the oscillator according to the received signal. An 

output signal from the divider is provided as a 
control signal for the switched-capacitor element. 

With the above-mentioned configuration, a 
switched-capacitor filter is used as a frequency 

15 filter for passing a baseband signal. Therefore, 

various received signal bands can be supported only 
by varying the cutoff frequency of the switched- 
capacitor filter, thereby removing the filtering 
process for each receiving band. Thus, a smaller 

20 receiver can be realized. 

In the receiver according to the second aspect 
of the present invention, the first divider is a 
programmable counter and can be configured by a 
divider in the system of a division to an integral 

25 multiple or the fractional-N system. 
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With the above-mentioned configuration, an 
arbitrary cutoff frequency can be set, and various 
receiving bands can be supported. 

In the receiver according to the third aspect 
5 of the present invention, the switched-capacitor 

filter includes at least an amplifier, and a 
resistor element as a feedback resistor of the 
amplifier can be realized by the switched-capacitor 
element . 

10 With the above-mentioned configuration, the 

operation and the effect similar to those of the 
first aspect can be obtained. 

The receiver according to the fourth aspect of 
the present invention is a receiver for converting 

15 a received signal directly to a baseband signal, 

and includes an oscillator for generating a 
periodic signal, a mixer for mixing a periodic 
signal generated by the oscillator with the 
received signal, and outputting a baseband signal, 

20 a switched-capacitor filter for controlling the 

cutoff frequency when filtering the baseband signal 
output from the mixer according to the control 
signal provided for the switched-capacitor element, 
and a divider for dividing a periodic signal 

25 generated by the oscillator according to the 
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received signal, and the output signal from the 
divider is provided as the control signal for the 
switched-capacitor element . 

With the above-mentioned configuration, the 

5 signal output from the voltage control oscillator 

is divided by a divider such as a programmable 
counter, etc., and the passband of the switched- 
capacitor filter is varied using the divided signal. 
Therefore, a circuit for generating a reference 

10 frequency signal required to vary the passband of a 

switched-capacitor filter can be omitted, thereby 
realizing a smaller receiver. 



Brief Description of Drawings 

15 The present invention will become more 

apparent by reference to the following detailed 
description of the invention taken in conjunction 
with the accompanying drawings, wherein: 

FIG. 1 shows a receiver according to the 
20 present invention; 

FIG. 2A shows the configuration of the circuit 
of the switched-capacitor filter; 

FIG. 2B shows the relationship between the 
cutoff frequency in the switched-capacitor filter 
25 and the resistance of the feedback resistor in the 
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primary integral active LPF; 

FIG. 2C shows the switched-capacitor element; 

FIG. 3A shows the control operation of the 
switching operation of the switched-capacitor 
5 element; 

FIG. 3B shows the divider in the fractional-N 
system; and 

FIG. 4 shows the configuration of the 
synthesizer in the PLL system for varying the 
10 frequency of an oscillation signal output from the 

local oscillator. 

Best Mode for Carrying Out the Invention 

The embodiments of the present invention are 
15 described below by referring to the attached 

drawings . 

FIG. 1 shows the receiver of the present 
invention . 

FIG. 1 shows a direct conversion receiver 11, 
20 an antenna 12, a band pass filter 13, a high- 

frequency signal amplifier 14, a mixer 15, a 90° 
phase-shifter 16, a local oscillator 17, an anti- 
aliasing filter 18, a switched-capacitor filter 19, 
a baseband signal amplifier 20, an A/D converter 21, 
25 a signal processing unit 22, and a control signal 
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generator 23. 

The signal processing unit 22 is shown as one 
function block, and performs various processes (for 
example, a detecting process, a digital filter 
processing, etc-) after conversion of a received 
signal to a baseband signal* 

In FIG. 1, when a received signal is converted 
to a baseband signal and the subsequent processes 
are performed with an analog signal, the A/D 
converter 21 is omitted. 

The switched-capacitor filter 19 has the 
function of a low pass filter for removing the 
high-frequency element of the baseband signal, and 
the cutoff frequency can be varied depending on the 
control signal output from the control signal 
generator 23. 

The direct conversion receiver 11 can be 
integrated on one chip. 

The operations of the direct conversion 
receiver 11 are explained below. 

First, when the direct conversion receiver 11 
receives a received signal from the antenna 12, it 
removes an unnecessary signal using the band pass 
filter 13, and amplifies the received signal using 
the high-frequency signal amplifier 14. 
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The amplified received signal is converted to 
a two orthogonal signal having phases different by 
90° by the mixer 15, the 90° phase-shifter 16, and 
the local oscillator 17. The signal input from the 
5 local oscillator 17 to the mixer 15 has the same 

frequency as the received signal. 

An excess signal is removed from the two 
orthogonal signals by the anti-aliasing filter 18 
to protect them against the folding noise generated 
10 in the subsequent process, and the signals are then 

inputted to the switched-capacitor filter 19. 

The high-frequency element is removed by the 
switched-capacitor filter 19 from the signals input 
to the switched-capacitor filter 19, and the 
15 resultant signals are amplified by the baseband 

signal amplifier 20. 

The signal amplified by the baseband signal 
amplifier 20 is converted to a digital signal by 
the A/D converter 21, and is treated in the signal 
20 processing unit 22 by a predetermined digital 

filter processing such as a detecting process, etc. 

When a received signal is converted directly 
to a baseband signal, the direct conversion 
receiver 11 removes the unnecessary signal (an 
25 image signal, etc.) generated in the received 
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signal by a low pass filter. 

At this time, it is necessary to change the 
passband of the low pass filter depending on the 
signal band of the received signal. In the direct 
conversion receiver 11 of the present embodiment, 
the switched-capacitor filter 19 is used as a low 
pass filter to change the passband for each signal 
band. 

Thus, as a conventional receiver, a filter is 
prepared for each signal band, it is not necessary 
to perform the process of switching a filter 
depending on the signal band of a received signal, 
and a simple circuit configuration can be realized. 

That is, one switched-capacitor filter 19 can 
process a received signal of a desired signal band 
among a plurality of signal bands by providing the 
switched-capacitor filter 19 having the low pass 
filter function and the function of changing a 
cutoff frequency in the direct conversion receiver 
11. Thus, the direct conversion receiver 11 can be 
downsized. 

Described below is the circuit configuration 
of the switched-capacitor filter 19. 

FIG. 2A shows the circuit configuration of the 
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switched-capacitor filter 19. 

In FIG . 2A, the switched-capacitor filter 19 
is a well-known status-variable active LPF (low 
pass filter) (or a bi-quad low pass filter) . 
5 In the switched-capacitor filter 19, an 

integrator 25 and an inverse amplifier 26 are added 
to a secondary bi-quad active LPF 24 in which 
resistors are connected in series to the input 
terminal of the op-amp, thereby configuring a 
10 closed loop. The output of the integrator 25 of the 

switched-capacitor filter 19 has the function 
similar to that of the output of the low pass 
filter of the conventional receiver. 

Normally, the 3dB falling-pass bandwidth © in 
15 the switched-capacitor filter 19 holds the 

following equation. 

(0 = 1/RC - (1) 

where R and C respectively indicate the 
resistance of a feedback resistor and the 
20 capacitance of a capacitor of the secondary bi-quad 

active LPF 24. 

The switched-capacitor filter 19 raises the 
cutoff frequency fc when the 3dB falling-pass 
bandwidth co increases, and reduces the cutoff 
25 frequency fc when the 3dB falling-pass bandwidth co 
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decreases . 

FIG . 2B shows the relationship between the 
cutoff frequency fc in the switched-capacitor 
filter 19 and the resistance of the feedback 
resistor R in the primary integral active LPF 2 4 . 

As shown in FIG. 2B, when a high cutoff 
frequency fc is to be set, the resistance of the 
feedback resistor R in the secondary bi-quad active 
LPF 24 is set small. When a low cutoff frequency fc 
is to be set, the resistance of the feedback 
resistor R in the primary integral active LPF 24 is 
set large. 

Thus, when the cutoff frequency fc of the 
switched-capacitor filter 19 is varied, the 
resistance of the feedback resistor R of the 
secondary bi-quad active LPF 24 is varied. 

Described below is the method for varying the 
resistance of the feedback resistor R in the 
secondary bi-quad active LPF 24. 

FIG. 2C shows a switched-capacitor element 27 
used as a feedback resistor R of the secondary bi- 
quad active LPF 24. 

As shown in FIG. 2C, the switched-capacitor 
element 27 comprises a capacitor 28 and two 
switches Tl and T2, and the resistor element having 
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the resistance depending on the control signal fo 
can be obtained by alternately switching the 
switches Tl and T2 connected to the capacitor 28 
using the control signal fo. The resistance RE of 
the switched-capacitor element 27 is represented by 

RE = 1 / (fO • C) . 

The resistance of the switched-capacitor 
element 27 can be varied by reducing or raising the 
speed of the switching operation of the switches Tl 
and T2. 

Generally, the cutoff frequency fc of the 
filter formed by the capacitor CI and the resistor 
Rl is represented as follows. 

fc = 1 / (27t • CI • Rl) 

When a common switched-capacitor filter is 
used, the following equation holds, 
fc = (fO • C) / (27CC1) 

In the case of the switched-capacitor filter 
formed by two capacitors (capacitors C and CI) on 
the same IC chip, the two capacitors have the 
capacitance in the same direction and there is 
variance of capacitance. Therefore, the precision 
of the cutoff frequency is not high. 

As a result, assuming that the variance 
coefficient of the capacitance of the two 
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capacitors is k, the cutoff frequency fc of the 
switched-capacitor filter is represented as follows. 

fc = (fO • k - C) / (2ti • k • CI) 
= (fO • C) / (27CC1) 

Thus, the variance of the capacitance between 
the capacitor C and the capacitor CI can be 
absorbed, and the precision of the control signal 
fo can be enhanced. 

Described below is the method for generating a 
control signal fo to be input to the switches Tl 
and T2. 

FIG. 3A is an explanatory view showing the 
method for generating the control signal fo to be 
inputted to the switches Tl and T2 . 

FIG. 3A shows a programmable counter 31 for 
inputting the frequency fck of the input signal and 
outputting a control signal of the frequency fol 
depending on the binary value Npl (integral 
multiple) . At this time, the control signal output 
from the programmable counter 31 is output based on 
the signal band of the received signal. 

That is, the reference signal fck input to the 
programmable counter 31 is divided into the signal 
of fol = fck/Npl depending on the signal band of a 
received signal, and fol controls the switching 
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operation of the switched-capacitor filter 19 as a 
control signal. 

For example, relating to the control signal 
fol output from the programmable counter 31, the 
5 switch Tl is closed (the switch Tl is turned ON) 

and the switch T2 is open (the switch Tl is turned 
OFF) when the control signal fol is at the H (high) 
level. Thus, .the electric charge is stored in the. 
capacitor 28. 

10 When the control signal fol is at the L (low) 

level, the switch Tl is open (the switch Tl is 
turned OFF) and the switch T2 is closed (the switch 
T2 is turned ON) . thus, the charge stored in the 
capacitor 28 is discharged to the switch T2 . 

15 By increasing the speed of the ON/OFF 

switching operation on the switches Tl and T2, the 
resistance of the switched-capacitor element 27 as 
the feedback resistor R is reduced. 

On the other hand, by reducing the ON/OFF 

20 switching operation, the resistance of the 

switched-capacitor element 27 as the feedback 
resistor R is increased. 

Described below is the case in which received 
signal of a different signal band is received. 

25 The switched-capacitor filter 19 has to vary 
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the cutoff frequency for each different signal band. 
To set a lower cutoff frequency, the frequency of 
the control signal fo input to the switched- 
capacitor element 27 is reduced to increase the 
resistance R based on the above-mentioned co = 1 / 
RC - (1). At this time, the binary value for output 
of the control signal fo of a low frequency from 
the programmable counter 31 is input to the 
programmable counter 31. 

On the other hand, to set a higher cutoff 
frequency, the frequency of the control signal fo 
input to the switched-capacitor element 27 is 
raised to reduce the resistance R based on the 

above-mentioned co = 1/RC - (1) . At this time, the 
binary value for output of the. control signal fo of 
a high frequency from the programmable counter 31 
is input to the programmable counter 31. 

Thus, by varying the speed of the ON/OFF 
switching operation on the switches Tl and T2 
according to the control signal fol output by the 
programmable counter 31, the resistance of the 
switched-capacitor element 27 can be changed. By 
varying the resistance of the switched-capacitor 
element 27, the cutoff frequency fc of. the 
switched-capacitor filter 19 can be varied. 
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FIG. 3B shows the divider of the fractional-N 
(fractional number) system. 

In FIG. 3B, a divider 32 of the fractional-N 
system has a division value including decimal 
places, and a desired division ratio, which is not 
limited to 1/N, can be arbitrarily set. 

The programmable counter 31 determines the 
division ratio depending on . the value of the 
integral multiple of the reference signal, but the 
divider 32 in the fractional-N system can 
arbitrarily set the division ratio by reducing or 
adding the pulse of the input reference signal fck. 

The switching operation of the switched- 
capacitor element 27 is controlled by inputting the 
signal fo2 output from the divider 32 of the 
fractional-N system to the switched-capacitor 
element 27 as a control signal. Thus, by 

controlling the switching operation of the 
switched-capacitor element 27 using the signal 
output by the divider 32 of the fractional-N system, 
the control can be performed more precisely than by 
the programmable counter 31. 

Thus, in the direct conversion receiver 11, 
the received signal of various signal bands can be 
received with a simpler configuration by using the 
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switched-capacitor filter 19 as a low pass filter 
for removing an unnecessary signal of a baseband 
signal . 

Since the switched-capacitor filter 19 can be 
5 generated in a semiconductor integrated circuit, 

the entire circuit can be downsized. 

Furthermore, to generate a control signal for 
varying the cutoff frequency, the programmable 
counter 31 and the divider 32 of the fractional-N 
10 system are adopted and the data value is changed to 

change the division ratio of them, thereby easily 
changing the cutoff frequency. 

The direct conversion receiver 11 according to 
the present embodiment is not limited to the above- 
15 mentioned examples. 

For example, an output signal from the local 
oscillator 17 is divided, and the divided signal 
can be used as a control signal fo for varying the 
cutoff frequency of the switched-capacitor filter 
20 19. 

FIG. 4 shows the configuration of a 
synthesizer 41 of the PLL (phase locked loop) 
system for varying the frequency of an oscillation 
signal of the local oscillator 17 in the direct 
25 conversion receiver 11. 
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FIG. 4 shows a voltage controlled oscillator 
(VOC) 42, a programmable counter 43 for dividing 
into an integral submultiple the frequency of a 
signal input from the voltage controlled oscillator 
42 depending on the input binary value (integral 
multiple) , a phase comparator 44 for comparing the 
signal output from the programmable counter 43 with 
the reference signal fx and outputting a voltage 
value depending on the phase difference, and a low 
pass filter 45 for removing an unnecessary voltage 
element from the voltage value output from the 
phase comparator 44, and generals a DC control 
voltage . 

A programmable counter 4 6 divides a frequency 
of a signal output from the voltage controlled 
oscillator 42 into 1/P. A divider 47 fixedly 
divides into 1/N the frequency of the reference 
signal fx output from the crystal oscillator, etc. 
The reference signal fr output from the divider 47 
is set to fr = fx/N. 

The synthesizer 41 shown in FIG . 4 is a 
synthesizer of the PLL system using the well-known 
programmable counter 43 . 

The phase comparator 44 compares relating to 
the phases the reference signal fr output from the 
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divider 47 with the signal fw obtained by dividing 
the programmable counter 43 into 1/k the signal fv 
output from the voltage controlled oscillator 42, 
and outputs the voltage depending on the phase 
difference. Thus, the signal fv output from the 
voltage controlled oscillator 42 maintains the 

relation of fv= fr • K by the PLL loop of the 
synthesizer 41. 

The signal fv output from the voltage 
controlled oscillator 42 is divided by the 
programmable counter 4 6 into 1/P, and the divided 
signal is used in controlling the ON/OFF switching 
operation on the switches Tl and T2 of the 
switched-capacitor element 27 in the switched- 
capacitor filter 19. 

At this time, since the control signal output 
from the programmable counter 4 6 can also be used 
as an oscillation signal for conversion of a 
received signal to a baseband signal, the binary 
value input to the programmable counter 4 6 holds a 
predetermined relationship with the received signal. 

The programmable counter 4 3 or the 
programmable counter 4 6 can be configured as a 
divider of the fractional-N system. 

Thus, when the programmable counter 4 6 is a 
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divider of the f ractional-N system, the frequency 
of the control signal input to the switched- 
capacitor filter 19 can be arbitrarily set. 

According to the receiver of the present 
invention, a switched-capacitor filter is used as a 
low pass filter of a receiver for converting a 
received signal directly to a baseband signal, and 
the cutoff frequency is changed. Thus, the cutoff 
frequency can be changed, thereby realizing a 
receiver of a simple configuration with the 
capability for various signal bands. Additionally, 
by using a programmable counter of the system of 
dividing by an integral multiple as a divider or of 
the fractional-N system, the cutoff frequency of 
the switched-capacitor filter can be set to an 
arbitrary frequency . 



